This paper uses a panel cointegration method to test the Ohlson (1995) model. Sample firms are selected from US listed companies during the period from 1986 to 2004. The analysis is focussed on whether the fundamental value of corporations cointegrates with market value. The results support the hypothesis of cointegration that a long-run equilibrium relationship exists between a corporation's fundamental value and market value. Subsequently, this paper evaluates the predictive power of the Ohlson model for future market value assessment. Since the Ohlson model is built upon the dividend discount model, this paper also examines the validity and the predictive power of the dividend discount model as a basis for comparison. The results show that the Ohlson model can forecast future stock price movements much more accurately in any predicted horizon. The results support the hypothesis of cointegration that a long-run equilibrium relationship exists between a corporation's fundamental value and market value. Subsequently, this paper evaluates the predictive power of the Ohlson model for future market value assessment. Since the Ohlson model is built upon the dividend discount model, this paper also examines the validity and the predictive power of the dividend discount model as a basis for comparison. The results show that the Ohlson model can forecast future stock price movements much more accurately in any predicted horizon.
Introduction
equity valuation model has been studied extensively because of its significance in the assessment of stock price over a prolonged period and the prediction of future stock price. Current literature on the investigation of the Ohlson model is dominated by the cross-sectional and time-series approaches. Traditionally, most researchers have employed the cross-sectional approach to study the Ohlson model. Since the cross-sectional analysis places emphasis on the fundamental values that track simultaneously the stock prices and returns, this method enjoys popularity among many researchers (Abarbanell & Bernard 2000; Dechow, Hutton & Sloan1999; Francis, Olsson & Oswald 2000; Frankel & Lee 1998; Penman & Sougiannis 1998) . However, the main practical limitation in the cross-sectional approach is the time-series nature of the Ohlson model 4 . Alternatively, many of the recent empirical studies on the Ohlson model have moved away from the cross-sectional approach and adopted the time-series approach to explain the relationship among share prices, returns and future returns. These include the studies by Ahmed, Morton and Schaefer (2000) ; Ballester, Livnat and Sinha (2002) ; Callen and Morel (2000) ; Lee, Myers and Swaminathan (1999) ; Morel (1999 Morel ( , 2003 and Myers (1999) . The time series approach focuses on the time-series relation between earnings, book values and other value-relevant variables. Nevertheless, this approach has unique research design issues that can potentially be critical in nature. Granger and Newbold (1974) and Phillips (1986) have shown that ordinary least squares (OLS) regressions with nonstationary time-series data can generally lead to spurious results mistakenly. Other studies have offered empirical evidence that indicate the tendency for economic and accounting variables such as market value and book value to exhibit nonstationary behavior (Callen & Morel 2005; Fama & French 1992; Qi, Wu & Xiang 2000; Wu, Kao & Lee 1996) .
While the OLS regression is attractive in the investigation of the Ohlson model and other derived hypotheses, the verification of the cointegration of accounting variables with market value of common equity becomes an essential step. Otherwise, the resulting OLS estimates may be difficult to interpret and can be misleading. Cointegration refers to circumstances when nonstationary dependent variables and regressors are interconnected through a long-run equilibrium relationship. Although the Ohlson model didn't consider the nonstationarity of market value, book value, and residual income, the market value can still relate to book value and residual income through cointegration. If equity valuation models are valid representations of the long-run stock price behaviour, the share prices will then deviate from its equity fundamentals only in the short-run. Qi et al. (2000) apply the unit root test of Phillips and Perron (1988) to investigate the stationarity of three key variables in the Ohlson model and examine the cointegration among these key variables using the Engle and Granger (1987) test. Their sample consists of ninetyfive US firms with complete data range over a period of almost forty years . They can not reject the null hypothesis that market value and book value are nonstationary for most of the sample firms. In addition, they report the non-cointegration of book value and residual income with market value for 80 percent of the sample firms. The existence of nonstationarity in economic and accounting time series implies that tests of cointegration between economic and accounting variables are necessary in a more realistic modeling of the stock behavior. There is a considerable incentive to study the long-run equilibrium relationship between stock price and the fundamental value of corporations in Ohlson accounting-based equity valuation model.
Although both time-series and cross-section approaches are popular methodologies, both possess a number of drawbacks. On one hand, the cross-section methods are subjected to heteroscedasticity problems and can often fail to detect the dynamic factors that may affect the dependent variables. On the other hand, the time-series methods are subjected to autocorrelation and multicollinearity problems. Karathanassis (2003) employs a combination of time-series and cross-section data (panel data analysis) to compare the explanatory power of the Ohlson model with that of the traditional valuation models in the Athens Stock Exchange for the period between 1993 and 1998. He employs the Error Components Model, which indicates the similarity between the Ohlson model and the traditional models. The panel data analysis has many advantages, which includes its rendering of efficient and unbiased estimators, larger number of degrees of freedom available for estimation, and means to overcome the restrictive assumptions of the linear regression model. Therefore, the objective of this paper is aimed at an improved understanding of the long-run equilibrium relationship between stock price and accounting variables according to the Ohlson model through the panel cointegration tests.
This paper has five sections. Section 1 introduces the significance of the current study within the scope of accounting-based equity valuation model. Section 2 presents the economic specification and panel cointegration test of research design. Section 3 reports and discusses the sample selection as well as its variable measurement. Section 4 reports results of panel cointegration test and panel prediction analysis. Some concluding remarks are given in Section 5.
Background and Research Design

The Ohlson Model
The underlying mathematics of the Ohlson model has been described extensively in the literature. A satisfactory Ohlson model fulfills the dividend discount model (DDM), the clean surplus accounting relationship (CSR), and the linear information dynamics (LID). A linear closed form valuation equation, based on these three fundamental assumptions, renders a market value, which equals to a book value plus a linear function of current abnormal earnings. The residual income valuation model is the theoretical foundation for the price and return regressions empirically implemented in this section.
The first assumption is the fulfillment of the DDM, which means that the market value of the common equity equals to the present value of expected future dividends. This is a standard consideration as in most standard neoclassical models of security valuation. Ohlson assumes that investors have characteristics of risk neutrality and homogenous belief and that interest rates satisfy a flat term structure. The first assumption is expressed by:
where, V t = the market value, or price, of the firm's equity at date t. d t = net dividends paid at date t. R f = the risk-free interest rate plus one. E t = the expected value operator conditioned on the date t information.
The second assumption is the fulfillment of the CSR relation. The clean surplus relation requires the satisfaction of two conditions: (i) the change in book values between two dates equals to the earnings minus dividends, imposing the clean surplus relation; and (ii) dividends reduce current book value, but not current earnings. The following mathematical restrictions are applied for this relationship:
where, BV t = (net) book value at date t. NI t = earnings for the period from time t-1 to t. and
Ohlson then defines the residual income (RI), or abnormal earnings, as current accounting earnings minus a charge for the use of capital as measured by the beginning book value multiplied by the cost of capital.
Combining equations (2-2) and (2-3) give,
Then, substitute equation (2-4) into equation (2-1) to generate the equation below:
The above equation redefines the original DDM formula of equation (2-1) in terms of book value and the present value of anticipated residual income. This relationship is then referred to as the residual income valuation model (RIM). In other words, the firm's future profitability as measured by the present value of the anticipated abnormal earnings sequence reconciles the difference between market and book values.
The third assumption is the fulfillment of the LID, which describes the stochastic timeseries behavior of abnormal earnings. LID means that residual income and other information satisfy the stochastic and autoregressive process. The final assumption is expressed by:
where, ν t = information other than residual income. ε 1t+1 , ε 2t+1 = unpredictable, mean-zero disturbance terms (independent and identically distributed). ω, γ = fixed persistence parameters that are non-negative and less than 1.
Collectively, the three basic assumptions (DDM, CSR, and LID) allow the derivation of the linear valuation equation as follows:
The dependency of the market value on the book value is illustrated in equation (2-8), where the book value is adjusted accordingly for (i) the current profitability as measures by the abnormal earnings, and (ii) other information that modifies the prediction of future profitability. Ohlson points out that the two dynamic equations combine with the clean surplus relation to ensure that all value-relevant events will be absorbed by current or subsequent periods' earnings and book values. Additionally, the three assumptions lead to a linear, closed-form, valuation solution explaining goodwill, that is, market value of firm is equal to book value plus a linear function of current residual income and the scalar variable representing other information. In this paper, this paper does not consider the valuation factor of other information.
A Panel Cointegration Test
Our econometric analysis centers on panel estimation of the short-horizon predictive regression,
(2-9)
is the deviation of the stock price from its fundamental value.
it V = the firm's theoretical value.
it P = the firm's market value.
We give the regression error 1
 it e an unobserved component interpretation, where i  is an individual-specific effect, t  is a time-specific effect that allows us to account for a limited amount of cross-sectional dependence, and 1  it u is the residual idiosyncratic error. Equation (2-9) is the panel version of the short-horizon predictive regression studied by Fama and French (1988) , Campbell and Shiller (1988) , and Hodrick (1992) in a study of stock returns; also by Berben and van Dijk (1998) in connection with exchange rates. In the single equation context, the predictive regression is the linear least squares projection of the stock price return on the deviation of the stock price from its fundamental value so that t e is uncorrelated with t x by construction. The slope coefficient is an estimate of ) ( / ) , (
, which does not disentangle contributions from short-run and long-run dynamics.
In the single-equation case, Berben and van Dijk (1998) build on Hansen (1995) to show that the predictive regression can be estimated regardless whether t x is I(0) or I(1).
They show  =0 is a test of the hypothesis that the nominal exchange rate and the monetary fundamental value are not cointegrated under the null hypothesis t x is I(0). Mark and Sul (2001) extend this line of argument to panel data and take the null hypothesis that t i x is nonstationary for all i=1,…,N. We establish our model according to Mark and Sul (2001) . Since 1   it P is stationary and t i x is nonstationary, they are asymptotically independent and the true value of  coefficient is zero under the null hypothesis. Let
, and
be the vectorization of the observations on stock price returns, 
Then, the panel dynamic OLS estimator of  is the first element of the vector
. Mark and Sul (1999) show that,
where Ṽ is consistently estimated by
 estimate the long run variance of it u . Mark and Sul (2001) report that the asymptotic distribution of pdols ˆ is reasonably accurate for their Monte Carlo experiments. Since there is no guarantee that this is true for all regions of the parameter space, they supplement the asymptotic analysis by drawing inference from the bootstrap. The data generating process (DGP) underlying the bootstrap is the restricted vector autoregression, 
Measurement of Out-of-Sample Predictions
A more precise breakdown of the objectives includes the examination of the cointegration of stock prices with long-run determinants as predicted by equity valuation models and examines the ability of equity fundamental value to forecast future stock price movements. The aspect of the prediction issue is studied by conducting an out-of-sample forecast experiment using the panel regression under the assumption of the cointegration of stock price and the accounting variables. Since the Ohlson model is built upon the DDM, it imposes further restrictions in relation to the DDM. The presumption must be that the Ohlson model will have better asymptotic prediction performance if the additional restrictions are correct, and will have worse prediction performance if they are inaccurate. This paper also examines validity and the predictive power of DDM as a basis for comparison. We compare predictions of the Ohlson model and DDM to those of the standard benchmark forecast implied by the random walk model. Theil's U statistic represents a comparison of the size of the projection errors that result from two different forecasting methods. This statistic is used to compare the errors as provide by the Ohlson model (or DDM) and the random walk model. Since each set of errors generates a root-mean-square prediction error (RMSPE), the ratios of the RMSPE from two competing models give rise to a Theil's U statistic. These ratios allow the assessment of forecast precision and accuracy, which vary inversely to its predictive power. The higher the ratio of U-statistic represents the lower the accuracy of forecast. If the value of Theil's U statistic is lower than one, the Ohlson model (or DDM) provides more accurate forecasts than the random walk model. If the Theil's U statistic is equal or close to one, the two forecasting methods perform similarly (in terms of RMSE). If the value of Theil's U statistic is higher than one, the Ohlson model (or DDM) provides less accurate forecasts than the random walk models.
where m is the forecasting method; h is the horizon being forecast; s is the series being forecast; S is the number of series being summarized; F is the forecast value for the stock price; and P is the market value.
Sample Selection and Variable Measurement
Sample firms were selected from US listed firms on Compustat and CRSP database while regulated financial institutions and firms with negative book value were not considered for selection. A total of 458 firms were initially identified between 1986 and 2004. The data requirements include market value of common equity, book value of common equity, common dividends, total number of shares outstanding, income before extraordinary items, as well as firm's daily returns and market returns. Seventy-eight firms with missing data were removed from selection, yielding 380 firms. Our sample period is determined based on the latest available data in our institution. Due to data limitation, the sample cannot be updated. Although our findings are based on the sample period between 1986 and 2004, our results are still applicable to the current market. Since our sample captures the whole economic cycle (both progression and recession periods), it enhances the ability of the model to predict future stocks value. Due to the data limitation, we only focus on the US market, without the cross-country analysis. Table 1 reports the sample distribution by industry. According to the first two-digit SIC code, our sample firms are classified into three industry groupings: (i) miscellaneous industries (N=60), (ii) manufacturing and mineral industries (N=228), (iii) transportation, communications, and utilities (N=92) 5 . The fiscal year-end market value of common equity (P t ), the fiscal year-end book value of equity (BV t ), and the residual income for each firm in year t (RI t ) are the three main variables in the Ohlson model. In this paper all financial variables are reported on a per share basis. The residual income for each firm in year t (RI t ) is defined by equation (3-1):
Where NI t is the net income before extraordinary items for each firm at the end of fiscal year t, and r t is the cost of capital for each firm in year t. The role of r t should be, in theory, firmspecific, reflecting the premium demanded by equity investors to invest in a firm or project of comparable risk. However, in practice, there is little consensus on how this discount rate should be determined. For simplicity, we use commercial papers as proxy of variable of discount rate.
The dividend discount model shows that the present value of the share should be equal to the dividend stream discounted by the return earned on securities of comparable risk. The dividends per share (d t ) are then defined as the cash dividends per share for which the exdividend dates occur during the reporting year, adjusted for all stock splits and stock dividends that have occurred during the period. All the dividend information comes from Compustat database. 
Results and Discussion
Descriptive Statistics
The descriptive statistics of all sample are organized according to different periods in 
Tests for Panel Cointegration of Models
We consider three alternative industries. The three industries are (i) miscellaneous industries; (ii) manufacturing and mineral industries; and (iii) transportation, communications, and utilities. We employ least-squares dummy variable (LSDV) test and Mark and Sul (2001) panel cointegrating test; and the results of the panel test for cointegration are reported in Table 4 . In Table 4 (2001) panel cointegration test, the findings presented in the dividend discount model show that the null hypothesis of no cointegration is rejected by all of the three industries at α=0.05. These results imply that the existence of a long-run equilibrium relationship between stock price and dividend. Meanwhile, the findings presented in the Ohlson (1995) model also showed that the null hypothesis of no cointegration is rejected by all of the three industries at α=0.05. This result implies that the book values of equity and residual income are important variables for the understanding of stock price in the long run.
In summary, under the Mark and Sul (2001) panel cointegration test, we reject the hypothesis of no cointegration between the stock price and dividend. We also reject the hypothesis of no cointegration between the stock price and key accounting variables in the Ohlson (1995) model. The strength of the evidence for the dividend discount model and the Ohlson (1995) model is roughly equivalent. 
We consider three alternative industries. The three industries are (i) miscellaneous industries; (ii) manufacturing and mineral industries; and (iii) transportation, communications, and utilities. We employ least-squares dummy variable (LSDV) test and Mark and Sul (2001) panel cointegrating test; and the results of the panel test for cointegration are reported in Table 4 . In Table 4 , Panel A and B present the results of LSDV test and Mark and Sul (2001) panel cointegration test, respectively. Under the LSDV test, we find that the null hypothesis of no cointegration is not rejected by all of the three industries at α=0.05 in the dividend discount model and in the Ohlson (1995) model. Under the Mark and Sul (2001) panel cointegration test, the findings presented in the dividend discount model show that the null hypothesis of no cointegration is rejected by all of the three industries at α=0.05. These results imply that the existence of a long-run equilibrium relationship between stock price and dividend. Meanwhile, the findings presented in the Ohlson (1995) model also showed that the null hypothesis of no cointegration is rejected by all of the three industries at α=0.05. This result implies that the book values of equity and residual income are important variables for the understanding of stock price in the long run.
In summary, under the Mark and Sul (2001) panel cointegration test, we reject the hypothesis of no cointegration between the stock price and dividend. We also reject the hypothesis of no cointegration between the stock price and key accounting variables in the Ohlson (1995) model. The strength of the evidence for the dividend discount model and the Ohlson (1995) model is roughly equivalent.
Tests for Out-of-sample Prediction
We generate out-of-sample forecasts at 1-year horizon, 2-year horizon, 3-year horizon and 4-year horizon. Theil's U-statistic is used to measure relative forecast accuracy of the Ohlson (1995) model and the dividend discount model. The paired t and Wilcoxon signed rank tests are also employed to examine whether significant difference in the Theil's U-statistic exists from two competing models. Panels A and B of Table 5 report the prediction results for the Theil's U-statistic of two competing models at 1-year horizon. The mean (median) Theil's U-statistic is smaller for the Ohlson (1995) model than that for the dividend discount model in Miscellaneous industry. The hypothesis that the Ohlson (1995) model provides superior forecast power is not rejected in Miscellaneous industry as well as in Transportation, Communications, and Utilities industries. Panels C and D show the prediction results for the two competing models at 2-year horizon. Again, the hypothesis that the Ohlson (1995) model performs better is not rejected in Miscellaneous industry as well as in Transportation, Communications, and Utilities industries. Panels E and F show the prediction results for 3-year horizon. The null hypothesis of the Ohlson (1995) model forecasts outperform the dividend discount model can be rejected only for manufacturing and mineral industry. Panels G and H report the results for 4-year horizon. The mean (median) Theil's U-statistic is smaller for the Ohlson model than that for the dividend discount model in two industries. Also, the hypothesis that the Ohlson (1995) model provides superior forecast power cannot be rejected for all industries at α=0.05. In summary, we find that the Ohlson model provides better predictive ability for future stock price movements in most predict horizon. Furthermore, our evidence suggests that the linkage between the stock price and fundamental value of corporations in the Ohlson model is tighter than that linkage in the dividend discount model.
Conclusions
This paper investigates whether accounting variables will cointegrate with the market value of equity in the dividend discount model and the Ohlson model through panel cointegration. It also examines whether equity fundamental value can forecast future stock price movements. According to the panel cointegration tests, we reject not only the hypothesis of no cointegration between the stock price and dividend, but also the hypothesis of no cointegration between the stock price and key accounting variables in the Ohlson model. Thus, a long-run equilibrium relationship between stock price and the fundamental value of corporations exists in the dividend discount model and the Ohlson model.
We also find that, at different predict horizon, the Ohlson model has better ability to predict future stock price. The following reasons may explain why dividend discount model has poor forecast performance: (i) Many firms such as high-tech and high-growth firms, do not pay regular cash dividends until much later in their life cycle; (ii) The conventional dividend discount model tends to use narrow cash dividends and ignores the potentially important role of share repurchase; (iii) The narrow cash dividends provide insufficient information on future firm profit.
